Introduction
Mycotoxins, secondary metabolites of fungi, are toxic to humans and animals. Among them, aflatoxins are produced by Aspergillus flavus and A. paratisicus, and aflatoxin B 1 (AFB 1 ) has potent carcinogenic and mutagenic e#ects in humans 1) . In addition, cows that consume feed mixtures containing corn polluted with AFB 1 can then excrete aflatoxin M 1 (AFM 1 ) as a hydroxylated metabolite of AFB 1 in milk 2)ῌ5) . AFM 1 has been categorized by the International Agency for Research on Cancer as a class 2B carcinogen and its carcinogenicity was estimated to be one-tenth of that of AFB 1 by the Joint Expert Committee on Contamination and Food Additives in 2001. In particular, infants and young children potentially at risk from AFM 1 contamination because they are major consumers of milk. Therefore, CODEX recommends the establishment of maximum residue limit for AFM 1 of 0.5 mg/kg. The ingestion level of AFB 1 by animals influences the amount of AFM 1 in secreted milk in a dose-dependent manner 6) . The AFM 1 levels in Japanese commercial milk have been previously investigated, but there was no information about the level of AFB 1 contamination in feed in that study 7) . For risk analysis of AFM 1 in milk in Japan, it is necessary to evaluate the levels of AFM 1 in raw bulk milk and AFB 1 in corn, which is the largest contributor to AFB 1 exposure in feed.
This study surveyed AFM 1 contamination levels in raw milk samples collected on three occasions through the winter and summer. The AFB 1 level in corn supplied to dairy cattle was also evaluated at the same sampling times.
Materials and Methods

Sampling
Raw bulk milk samples were obtained from 11 districts in Japan, i.e., Hokkaido, Tohoku, Kanto, Sinetsu, Tokai, Hokuriku, Kinki, Tyugoku, Sikoku, Kyushu and Okinawa region. They were collected in sterile bottles and immediately frozen. Sampling of raw bulk milk was performed in January, February, and June in 2004. The frozen raw milk samples were sent to the National Institute of Health Sciences and maintained at ῌ80῍ until processing and analysis. The numbers of individual samples were 101 in January, 97 in February and 101 in June.
The corn used as feed for dairy the cattle was monitored by the Ministry of Agriculture, Forestry and Fisheries (MAFF) of Japan. The data regarding AFB 1 contamination levels from July 2003 to February 2005 are taken from the routine monitoring data. The number of samples monitored in each month ranged from 7 to 24.
Analytic methodology
AFM 1 in raw bulk milk samples were analyzed according to the method of Nakajima et al. 7) Briefly, for AFM 1 , raw milk was homogenized with a vortex mixer and diluted with phosphate-bu#ered saline (pH 7.4). The diluted milk was passed through an immunoa-$nity column of AFM 1 (Vicam, Watertown, MA, USA), and the concentration of AFM 1 was determined by HPLC with a Lichrospher 100 column, RR-18, 5 mm, 250 by 4 mm. The mobile phase was isocratic, waterῌ acetonitrile (25 : 75, v/v), and all separations were performed at a flow rate of 1.0 mL/min. Then, aliquots of 100 mL were injected into the HPLC unit. The column temperature was maintained 40῎. The excitation and emission wavelengths were set at 365 nm and 435 nm, respectively. A recovery test of AFM 1 in milk was performed in samples spiked wi. 0.05 and 0.10 ng/mL of AFM 1 . Determination of AFB 1 in corn samples was performed according to the HPLCflorescence detector method validated previously 8) . Briefly 50 g of corn was extracted with acetonitrileῌ water (9 : 1, v/v). A portion of the extract was purified with a multifunctional column (Multisep #226, Romer Lab., USA). The HPLC column for AFB 1 was Inertsil ODS-3, 5 mm, 250 by 4 mm (GL Science, Co., Tokyo). The mobile phase was acetonitrileῌmethanolῌwater (2 : 3 : 5, v/v/v) and the flow rate was 1.0 mL/min. The wavelengths for excitation and emission were 365 and 450 nm, respectively.
Statistical analyses
Data were expressed as the meanῌstandard deviation and analyzed by ANOVA.
Results and Discussion
The validation of the AFM 1 analytical method revealed that the recovery was 99.60ῌ5.32῏ in samples spiked with 0.5 ng/g and 86.73ῌ17.32῏ in samples spiked with 0.05 ng/g. The detection limit (LOD) and the quantitation limit (LOQ) for AFM 1 were 0.005 ng/mL and 0.01 ng/mL, respectively. The LOD and LOQ corresponded to signal levels of three times and ten times the background noise on the chromatogram, respectively. For the AFB 1 analytical method, the recovery rates were 84.50ῌ8.2῏ and 90.7ῌ5.3῏ from samples spiked with 1 ng/g and 10 ng/g, respectively. The LOD was 1 ng/g and LOQ was 2 ng/g.
The AFM 1 level in each sampling district at the indicated periods is shown in Fig. 1 10) has determined that the AFB 1 concentration in feed is closely related to the AFM 1 concentration in milk. Recently, Prandini et al. 11) reported the most important risk factor for the AFM 1 level in milk to be the AFB 1 concentration in feed components, such as meal, groundnuts, cottonseed and maize. Therefore, the risk factors for AFM 1 in milk were investigated in Japan.
In Table 2 , it is shown that the standard diet composition for dairy cattle contained various feed components, but over 44῏ was accounted for by corn and corn silage in Japan. The corn silage is from domestic sources and contains no AFB 1 (personal communica- Table 1 . The mean values are significantly di#erent from each other (Sche#e's post-hoc test, p῍001).
tion). However, about 95ῌ of corn in concentrated feed is imported from the USA. This is generally accepted to be contaminated with AFB 1 11) . Therefore, AFB 1 from imported corn may be a major determinant of milk AFM 1 concentration in Japan. In fact, MAFF has established the regulatory level at 20 mg/kg for AFB 1 in feed, and performs regular monitoring for AFB 1 contamination in imported corn and feed.
Since the concentrated feed is prepared with corn imported about 1ῌ2 months previously in Japan, the Table 1 . The tendency that AFB 1 contamination in 2003 is higher than in 2004 probably reflects the di#erence in the periods when the corn was supplied.
These results suggest that the contamination levels of AFM 1 in raw milk in Japan are dependent on the amount of AFB 1 contained in imported corn which is supplied to dairy cattle. Moreover, it is considered that AFB 1 contamination level does not depend on season factors, because higher levels of AFB 1 in imported corn were not always observed in winter (Fig. 2) . These findings are the first to demonstrate a parallel relationship between the AFM 1 concentration in raw milk and the AFB 1 concentration in imported corn in Japan. The monitoring of AFB 1 contamination levels in imported corn over the long term will be required to protect the Japanese population against AFM 1 -induced health risks, because the AFB 1 level in imported corn varies from year to year (Fig. 2) . In addition, the monitoring of contamination levels of AFB 1 in feeds other than imported corn may also be necessary.
In summary, our results indicate that AFB 1 in imported corn for dairy cattle is a major contributor to AFM 1 content in raw milk. To ensure the safety of milk for human health it is extremely important to avoid providing feed contaminated with AFB 1 to cows. Hence, regular monitoring of not only the AFM 1 level in milk, but also the AFB 1 level in feed, will be required to protect the public, especially infants and young children, against AFM 1 toxicity. Table 1 .
